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AN INVESTIGATIONOFTHEEFFECTSOFATMOSPHERICCORROSION

oNTHEFATIGUE~E m mm AILOW

ByHerbertA. Leybold,HerbertF. Hsxdrath,
andRobertL.Moore

SUMMARY

Fatiguetestswereconductedon 100vibratingcantileversheet
specimensby applying4,003cyclesof loadina 10-minuteperiodeach
workingdaywhilethespecimensweresubjectedto atmosphericconditions
overa periodof severalmonths.Specimensof 2024-T3and7075-T6alu-
minumalloysinboththebareandcladformsweretested.Forcompar-
ison,96 specimensweretestedindoors.Atmosphericeffectsshortened
theaveragelivesofthespecimensby a factorofabout3 for7075-T6
and2024-T3inthebareconditionandby a factorofabout1.5for
7075-T6Inthecladcondition,andhadno significanteffecton the
averagelifeof 2024-!I’3cladspecimens.

INTRODWTICN

Mostofthedatausedinthedesignofaircraftareobtainedunder
conditionswhich,to someextent,preventseriouscorrosion.Onthe
otherhand,aircraftareexposedto theweatheralmostcontinuouslyfor
msnyyesrsduringwhichtimedirt,dust,soot,chemicalfumes,moisture,
saltair,exhaustgases,fuelspillage,sndsoforthcm causecorrosion
inmanypsrts.Testshavebeenperformedin orderto evaluatetheeffects
of corrosiveagentsonthefatiguebehaviorofvsriousmetalsbutthese
metalsarenotofthetypecomuonlyfoundinaircraftstructures.Fur-
thermore,mostofthesetestswereconductedat m acceleratedrateby
usingcorrbsiveagentssuchastapwaterandacidor saltsolutionsof
vsriousconcentrations.Thecorrosiveagentsusedtendtoproducesig-
nificanteffectsonfatiguelife,buttherelationoftheseeffectsto
thoseoftheatmosphericcorrodentsmentionedpreviouslyhasnotbeen
established.Therefore,thecorrosiveinfluenceoftheatmosphereon
fatiguelifeofaircraftcannotbe evaluatedonthebasisof existing
knowledge.

An investigationhasbeenundertakento evaluatethecorrosiveinflu-
enceoftheatmosphereonthefatigueJ3feofalminm aUoys. Tests
wereconductedunderatmosphericconditionsprevalentat theLangley
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AeronauticalLaboratorywhichis situated.ontheAtlaticseacoast.
Alternatingloadswereappliedto thespecimensforonlya shorttime .

eachworkingdayin ordertoprovideaneaendedperiodoftimeforcorr-
osive action.Forpractical,reasonsthetestprogramwasarrangedto
runforseveralmonthsinsteadofthemay years involvedinaircraft.

.

Forsimplicity,vibratingcantilevershee~;pecimenswereused.

TESTS

Specimens

Thespecimensweremadeof 2024-T3an-d7075-T6aluminum-alloy
0.051-inchthickinboththebsreandcladforms.Tensilecoupons

sheet
cut

fromeachsheetofmaterialweretestedto obtainthetensileproperties
listedintableI.

Vibratingcantileversheetspechnensweremachinedas showninfig-
ure1. Thedashedlinesinfigure1,radiatingfromthepointOfload
application,indicatetheshapeofa constantstresscantilever.MsXbUum
bendingstressoccursinthesectionatwhichtheselinesbecomettient
to theboundaryofthespecimen.A l/&inch-dismeterholewasdrilled
andresmedin thiscrosssectionofeachspecimento introducea stress
concentration.Thetheoreticalstressconcentrationforspecimensof
thisconfigurationloadedinbendingisequalto1.6(ref.1). Edges
werecsrefullymachinedandburrswerer~ovedwithfineemerycloth.
Eachspecimenwasmeasuredatthecriticalsectionforthicknessand
netwidthto 0.0001ofan inch.

TestApparatus

Corrosionfatiguetestswereconductedina machine(fig.2)designed
to acco?mnodate100vibratingcsrhileverspecimensat onetime. This
machineis locatedoutdoorsandpositionedsothatno shadowsarecast
ontheapparatusexceptinlatesfternoon.Theprinciplesof itscon-
structionandoperationareshownschematicallyinfigure3. Thismachine
consistsofa vibratingtablesupportedon coilspringsandrestricted
toverticalmotionby a systemofflexuresYms.Thetablehasa natural
frequencyofvibrationintheverticaldirectionofapproximately
430cyclesperminuteandisexcitedtovibrateatthisfrequencybyan
adjustablecrsnkandslippingclutch.Theamplitudeofvibrationis
controlledby appropriateadjustmentofthecrmk throw.

Thevibrationofthemachineproducesbendingstressesinthecanti-
leverspecimenswhichareclsmpedto theperipheryofthevibratingtable.

—
—

—
,

—

—

——

.
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Twoadjustable
specimen.The

massesareusedto obtainthedesiredstressesineach
firstmassorvibratingmassfixedto thefreeendof

eachspectien(fig.3)adjuststhenaturalfrequencyofthespecimento
givethedesiredalternatingstresssmplitudewhenthemachineisrun-
ning. The.secondmassis suspendedfromthefirstby a softcoilspring
sothatthesumofthetwomassesproducesthedesiredmesastress.The
springis softenoughsothatthetibrationofthecantileverisnot
significantlyaffectedby thesuspendedmass. Thesuspendedmassis
submergedin oil(fig.3)to dampouttransientvibrationsduringstarting
andstopping.A correctionforthebouyantforceoftheoilismadewhen
theweightofthesuspendedmassis ccmputed.

Themachineis startedwiththeslippingclutchdisengaged.When
themotorreachesitsoperatingspeed,theclutchisengagedslowlyuntil
thetablevibratesatan smplitudeequl to thestrokeofthecrank.A
presetcounterisusedto stopthemachineautomaticallysftera pre-
determinednumberof loadcycleshavebeenap@iedto thespecimens.

A secondmachine,whichisa scaled-downmodeloftheoutdoor
machine,wasusedto testthespecimensindoors.Thismachinehadan
operatingfrequencyof 575cyclesperminuteandcouldaccommodate8 spec-
imensata time.

A thirdmachine,a SonntagSF-2flexuretestingmachine,wasused
to completeportionsof someofthetests.Testsinthismachinewere
conductedindoorsat 1,800 cyclesper”tiute.

Procedure

Theloadsto producethedesiredstressesineachspecimenwere
computedby theflexureformula,usingthemeasurementstakenatthe
criticalsectionofeachspecimen.Theseloadswerethenappliedstat-
icallyto thespecimento determinethedeflectionforthedesiredstress
level.Thesedeflectionswerethenusedto tunethenaturalfrequency
ofthespecimenstoproducethefollowingstresses:12t 25ksiinbare
specimens,12t 14.5 ksiin7075-T6cladspecimens,and12* 1>ksiin
2024-T3cladspecimens.Amean stressof 12ksiwaschosento represent
lg stressesusedin currenttransportairplanes.Thealternating
stresseswerechosenonthebasisof a fewpreliminarytestscon-
ductedindoorstoproducefailureinapproximately5 x 105cycles.

Thespecimenswereclampedto thevibratingtableofthemachineon
January31, 1957. Thetuningof specimenswashamperedbecauseof inclem-
entweatherwiththeresultthatthemachinewasoperatedforthefirst
scheduledrunonMsrch11,1957.Duringthetuningoperationtheampli-
tudeofvibrationwasmeasuredwitha calibratedscaleandstroboscopic
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light..Eachspecimenwastunedindividuallywhileallotherspecimens
wererestrainedfromvibration.An averageofapproximately1,000cycles- ‘*=
wasappliedto eachspecimenduringthetuningoperation.Thelsxge —
deflectionsinvolvedfacilitatedad~ustmentto*1 percentofthedesired
alternatingstress.

Testswereconductedby applying4,000cyclesof loadina 10-minute
periodeachworkingday. Themeanloadwasnotremovedfortheduration
ofthetest. .-

At thebeginningofthetestseries,-itwasintendedthatthespec-
imensthatfailedweretobe replacedby otherspecimensofthessme

——
material.However,thisprocedurebecameimpracticalwhenspecimens

.

begsnfailingat a rapidrate. Consequent,on~ 6 spech.nensof 7075-T6 =-
barematerialwerereplacedafter,theprogramwasinprogress. —

When500,000loadcycleshadbeenappliedto thespecimens,the
nwnberofloadcyclesperdaywaschangedfrom4,000to 2,000.Atthis
timeonly15ofthe202L-T3cladspecimen-sremained.Thesespechnens
weresubjectedto 2,000loadcyclesperdajrfor35days(70,000cycles)

..

inwhichtimethreemorehadfailed.Theremaining12 specimenswhich
allhadcracksinthemwerethenremovedfrcmtheoutdoortestapparatus.- ~
Withtheexceptionofthespecimencontainingthelongestcrack,the .—
remainingspecimensweretestedto finalfailureindoorsat 1,8CXIcycles

,

perminutein SonntagSF-2flexuretestingmachines.Theselatter
machineswereusedbecausetestscouldbe.conductedwithoutthetuning

~
v

requiredinthemachinesusedforindoorcontroltests.Suchtuning
wouldhaveproducedvaryingnumbersofloadcyclesofunknownamplitude

.

ata stageofthetestwherefinalfailurewashminent; —

Meteorologicaldataforthedurationofthesetestsweretaken
fromrecordsof.theNACAweatherstationat LangleyField,Vs.,andare
summarizedintableII. Itrainedonalmost50percentofthedaysthe
specimenswereexposed,andtherewasa fairlyheavydewonthespeci- —
menspractica~-everymorning.SinceLsIigleyFieldIs situatedonthe : ‘;
Atlanticcoast,itisreasonableto assumethattheaircontaineda

—

fairconcentrationof salt.Thus,thetestconditionswereprobably
quiteseuerecomparedwithaverageconditionsexperiencedby aircraft.

—

Forcomparison,24 specimensofeachofthefourmaterialswere
testedindoorsunderthesamestressesusedintheoutdoortests.EZght
specimensweretestedsimultaneouslywithoutinterruption.

RESULTSANDDISCUSSION — —

Specimensbeganfailing3 weekssftertheinitiationofthetest
program.Approximately6 monthslater,500,0Q0cyclesof loadhadbeen

.

.
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appliedmd mostofthespecimenshadfailed.Thenmber of cyclesof
loadrequiredtoproducefailureineachofthespectiensarelisted
intable3. At”thebottomofthetablearelistedtheaversgelives
forbothindoorandoutdoortestsandtheratiooftheaveragelife
indoorsto theaveragelifeoutdoorsforeachmaterial.Thedataare
plottedintheformofprobabilitycurvesinfigures4 to 7. Theresults
of indoorandoutdoortestsfora givenmaterialareshownineachfigure.

Theresultsofthesetestsshowthatatmosphericeffectsshortened
theaveragelifetimesofthespecimenstestedoutdoorsby a factorof
about3 for7075-T6and2024-T3inthebareconditionandby a factor
ofabout1.5for7075-T6inthecladcondition,andhadno significant
effectontheaveragelifeof2024-T3cladspecimens.Theslopesof
theprobabilitycurvesinfigures4 to 7 indicatethatthescatterin
lifeoftheoutdoortestsisconsistentlylessthanthatintheindoor
testsforallmaterialstested.

Althoughthemeanlifeof 2024-T3cladspecimenstestedoutdoors’
wasnotsignificantlydifferentfromthemeanlifeof thosetested
indoors,thescatterin lifetimewasaboutone-halfofthatfoundin
indoortests.Thus,theearliestfailuresin indoortestsoccurredin
one-halfthenumberof cyclesrequiredtoproducetheearliestfailure
inoutdoortests.No explanationforthisbehavioris app=ent.

Thevariouschangesintestconditionsof 2024-T3cladspecimens,
discussedpreviously,hadverylittleeffectontheresults.Thedata
forthesetestslieessentiallyona straight-lineprobabilitycurve
(fig.7). ThefactthatthedatafromthetestscompletedindoorsM.e
onan extensionofthecurveforresultsofthefirst13testscompleted
outdoorsisfurtherevidencethatcorrosionhadessentiallyno effect
onthefatiguelifeofthe2024-T3cladspecimens.

Asmentionedpreviously,sixofthe7075-T6bsrespecimenswere
replacedwithidenticalspecimens.Thosesixreplacementsweretuned
andtestedimmediatelyafterinstallationwhiletheoriginal25 speci-
mensweretestedapproximately6 weeksaftertheyweremountedonthe
machine.Duringmostofthe6 weeksthespecimenshadessentiallyzero
stress.Theresultsinfigure4 showthatthelongexposureat zero
stresswa?responsibleformostofthereductionin lifeoftheoriginal
25 specimens.Obviously,theeffectof corrosionduringthefirst
6weeksofexposureonthefatiguelifeof specimensof othermaterials
cannotbe evaluatedfromthesetests.

Preliminntestsconductedindoorsindicatedthatspecimensmade
ofeachofthefourmaterialsshouldhavemeanlifeexpectanciesof
roughly5 x 105cycles.However,additionalcontroltestsconducted
indoorsshowedthat2024-T3cladspecimenshadthelongestlifetim>s
(approximately6 x 105cycles)and7075-T6barespecimenshadtheshortest
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cycles). Therefore,intestsconducted
—
*

wouldhave@d thelongestlifetimes
havehadtheshortestlifetimesifno

=

corrosiveeffectshadbeenpresent.Thefollowingtableindicatesthe
.-

approximateratiosofaveragelifetimesofeachtestconditionas com-
paredwiththeaveragelifetimeof 2024-T3cladspecimenstestedindoors:

Specimen Stress,ksi Indoortests Outdoortests

2024-T3clad 12* 15 1.0 0.93
7075-T6clad 12+ 14.5

●73 .48 s
2024-T3bare z*25

●79 .25
7075-T6bare 12~ 25 .45. .16

—

—

—

Thus,thegreatestreductioninaver~e__lifeduetoatmospheric
exposurewasexperiencedby 2024-T3and7075-T6barespecimenseven

.- .

th&gh theyhad-theshorte&exposuretimesofallthespecimenstested
outdoors.Presumablythesematerialswouldhaveexperienceda greater
reductionin lifetimeiftheirexposuretimeshadmorenearlymatched
thatofthe2024-T3cladmaterial.Ontheotherhand,lifetimesof
2024-T3 cladspecimensshowedtheleasteffe”ctofatmosphericexposme.
in spiteofthefactthattheexposuretimewasthelongest.Thus,the
foregoingtableprobablyranksthematerialsinthecorrectorderof
theirresistanceto lossoffatiguelifedue_toatmosphericcorrosion.

A fairlyhighmeanstresswasappliedcontinuouslyandalternating
stresseswerehightoproducefailuresina reasonablysmallnumberof
loadcycles.Ontheotherhand,exposuretotheatmospherewaslimited
to lessthan6 monthsinmostspecimens.Conceivably,corrosioneffects
couldbe moredeleteriousifexposuretimes_yereincreased.

CONCLUIKNGREMARKS

Corrosionfatiguetestswereconductedoutdoorson2024-T3and
7075-T6aluminum-alloyspecimensinboththebareandcladforms.
Twenty-fivespecimensweretestedat onestresslevelforeachmaterial.
Thecyclicloadswereappliedto thespecimens4,000timesIna 10-minute
periodeachworking”day.Themesmloadwasappliedcontinuouslyforthe
durationofthetest.Forcomparison,24 specimensofeachmaterialwere
testedindoors.Fromthedatapresented,thefollowingtentativecon-
clusionsseemtobe justified:

1.Thefatiguelifetimesofallthematerialstested,except2024-T3
clad,weresignificantlyreducedby atmosphericcorrosion.

——
—
..

_*.–
—

.

—. ...
—

—

—

—
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2.Thelm.rematerialsexperienceda greaterdecreasein lifedue
toatmosphericcorrosionthandidcladmaterials.

3. ~Os~e to atmosphericcorrosionfor 6 weeksat zerostress
apparentlyhada moresignificanteffectonthelifeof 7075-T6km.re
specimensthandidcorrosionwhichtookplaceduringfatiguetesting.

4. Scatterin lifeof indoortestswasgreaterthaninoutdoor
tests.

Additionaldatame requiredto evaluateadequatelytheeffects
ofatmosphericcorrosiononfatiguebehavior.Inparticular,thetest
conditionsshouldbe vsriedtoproducemuchlongerexposuretimes.
Testsat otherstresslevelswouldalsobe ofinterest.

LsmgleyAeronauticalkboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Vs.,August14,1958.
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TABLE

PROPERTIESCiE’
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lmTEmus TESIEO

m

Yield stress Ulthate Total elongation Young ‘s
Material (0.2 percent offset),

Nmber of
strength, 2-inch gage length, Elcdull.ls,

kei ksi
specimens

percent ksi

2021-T3& 55.8 72.3 16.5 10.53X103 5

202&T3 Ckd 50.7 66.7 16.0 9.51 3

7075-!lkbsxe 79.3 85.9 1.1.3 1o.36 3

7075.T6Cled 66.6 73.8 10.9 9.71 4

4

II I . .
,,
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TABLEII

AVXRAGEMETECIROLOGICALDATAFORTESTPERIOD

Precipitation,Numberofdays Averagerelative
Month in. o-fprec~p~~a~~onhumiditya.%7:00a.m.,

percent

February 4.39 22 81

March 5.34 20 80

April 3.01 13 75

w 1.38 8 73

June 2.27 16 75

July 1.66 8 67

August 6.15 U 76

September 4.59 14 81

October 2.96 12 80

November 4.89 15 83
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Figure 2.- Corrosion fatigue testing machine. L-57-4ti4
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Figure 3.- Schematic of corro6ion fatigue testing nwhine.
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